@ 
ERIC 


DOCUMENT RESUME 


ED 379 336 ; ™ 022 715 

AUTHOR Mead, Tim P.; Legg, David L. 

TITLE Exploratory versus Confirmatory Factor Analysis of 

Collegiate Physical Fitness. 

PUB DATE Oct 94 . 

NOTE 13p.3; Paper presented at the Annual Meeting of the 
Midwestern Educational Research Association (October 
1994). 

PUB TYPE Reports -— Research/Technical (143) -- 
Speeches/Conference Papers (150) 

EDRS PRICE MFO1/PCO1 Plus Postage. 

DESCRIPTORS *College Students; Females; Goodness of Fit; *Health; 


Higher Education; Males; *Measurement Techniques}; 
Models; *Physical Fitness; *Reliability; Validity 

IDENTIFIERS *Confirmatory Factor Analysis; *Exploratory Factor 
Analysis 


ABSTRACT 


Twenty-one variables believed to be important 
indicators of health related physical fitness were measured on male 
and female college students between 1991 and 1993 (n=433). 
Exploratory and confirmatory factor analytic techniques were used in 
an attempt to derive important components of physical fitness. The 
exploratory factor analysis identified five important factors of 
collegiate physical fitness: (1) strength and endurance; (2) body. 
compesition; (3) heart rate; (4) blood pressure; and (5) flexibility. 
For the confirmatory factor analysis, an a priori model similar to 
that developed by Marsh (1992) and one similar to the American 
College of Sports Medicine (ACSM) were tested in which body 
composition, body girth, muscular strength and endurance, 
cardiorespiratory fitness, flexibility, blood pressure, and cardiac 
functioning were hypothesized as important fitness parameters. 
Results of the confirmatory factor analysis indicate that neither the 
ACSM nor Marsh's model provided good fits for these students. 
Reliability estimates were high but poor validity and goodness of fit 
indices were found. This indicates that common fitness measurement 
techniques may be inadequate when assessing college students’ fitness 
levels. (Contains 11 references and 3 tables.) (SLD) 
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Title: Exutoratory Versus Confirmatory Factor Analysis of Collegiate Physical Fitness 


ABSTRACT 


Twenly -one variables believed to be important indicators of health related physical fitness 
were measured on male and female college siudents between 1991 and 1993 (n=443). kxploratory 
and confirmatory factor analytic Lechniques were used in an attempt to derive important 
components of physical fitness. Recent definitions stress cardiorespiralory endurance, muscular 
strenath and endwance, body composition, and flexibilily as key ingredients of health-related 
physical fitness (Baumgartner & Jackson, 1987: Amcrican College of Sports Medicine, 1991). In this 
study, Lhe exploratory factor analys's identified five important factors of collegiate physical 
fitness: s'rength and endurance, body composition, heart rate, blood pressure. and flexibility. 
For the confirmatory factor analysis, an a priori model similar to that developed by Marsh (1992) 
and one simmar to the American College of Siorts Vedicine (ACSM) were tested in which body 
compositicn, body girth, muscular strength and cndurance, cardicrespiratory fitness, flexibility, 
blood pressure, and cardiac functioning were hypothesized as important fitness paraniaters. 
Resu:'s of the confirmatory factor analysis indicated that neither the ASCM’s nor Marsh's model 
of phvsical filness provided good fils for these coilcze siudents, Relabilily estimates were high 
bul pos valaily and goodness of fil indices sere found. This indicates thal common filness 
measerement techniques may be inadequate wiv w-sessing colleec students fitness levels. 


Key words. exploratory factor analysis, confirmatory fueler analysis, physical fitness, rehabilily, 
validity 
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Over the last decade, a growing research interest in defining and identifying key i:gredients 
of physica! fitness has occurred. This interest has stemmed from the American populations 
desire id Maintain physical fitness and recent evidence thal American youth are less physically 
fil Lhan previous generations (ef. Pierce, 1992). The outcome of this research has been numerous 
¢-Jiniboas of physical fitness thal are nol empirically derived or Lested. Casperson et. al. (1985) 
defined uhvsical filness as "a sel of allributes thal people have or achieve that relates to the 
ability 4u jaiform physical activily.” This definition is somewhal dated in thal in recent years, 
the concept has diverLed more from athielic domains lo health related concerns. Heal.h related 
physical filness was characterized by Pate (1936! es “an ability Lo perform daily activibes with 
vigor, and the demonstration of traits and capacities thal are associaled with Jow risk of 
pretciuie development of hypoxinetic diseases." 

Presently, the most popular theory of health-related physical filness is the position held by 
the American Colleze cf Sports Medicine (ACS\). The ACSM (1991) proposed five indicators of 
physical fitness: muscular strength, muscular endurance, body composition, cardiorespiratory 
endurance, and flexibility. The ACSM adopted criteria from the American Alliance for Health, 
Physica! Fducation, Recreation, and Dance (ASHPERD) Health Related Physical Fitness Test and 
recommendations by Baumgartner and Jackson {1987}. The validity and reliability of these 
components and their indicators are well documented (AAHPERD, 1984). However, neither 
orcamization described how these separate components were derived or tested. Sinee it is widely 
beheved that physical fitness contains many dimensions and is delernined by a wide range of 
avctoral capacilics and abilities of the individual (Safril. 1981). the dimensions that reficet 
those andividual capacitics need to be empirice!ty derived and tested. The purpose of this study 
was to determine through exploratory and cordirmatory factor analysis {he components cf 
physicis fiimess that underly its definition. 

Factor analytic techmaues to derive physics! filnese components have reecived very lille 
altention an the published Tleraturc. Currents. there are only two published studies thal 
deatified its components through empirical decsations. Pleishmé:.(1964) pioneered the use of 
faclor él sis in physieal education in order to idenuly fitness components that could be used 
ina Comprehensive fiiness tatters, Fleis!mic’s subjects were United States Navy recruits who 
were tested Gn feclors of streneth, speed, flexitility, balanee, and coordimilion, Strength was 
subdivided into dynamic streneth, stale strengin. and explosive strength. Dynanic strength was 


BEST COPY AVAILABLE 
4 


- 


o.. 
ERIC 


“hyeical Tilness 4 


measured by such skills ae padepe pushups, ber! arm hang. rope climb, dips, and s qual 
thrusts Stalls streagth was measured through the usc of dyvnometers 2s subiects were tested on 
the abliiy to app force to liit or push weights. Lxplosive strengll was mea: ured by jumping 
aid sprinting achvilics aluee with the softball throw. 

Based on he exploratory facior analysis of ui measurements, Fleishman identified six factors: 
explosive strength, limb speed, balance with visual cues, gross Lody equilibrium, dynamic 
flexibility. a :d extent flextulity. Despite the extraction of six factors. ihese separate factors of 
fitness only explained the variance of the measured variables. Wiere ricishman's study may have 
been limited was in the onission of cardiovascular endurance assessments and the lack of 
validity and reliability estimates that are provided through confirmatory factor analytic Lests. 
Fieisiman also did not discuss the correlations «mong the extracted factors. The inclusion of 
cidurance sicasurements may have provided different resulls in the Fleishman study. 
Confirmatory tests of the Fleis:man model mey aiso influence lis description of filness. 

The nios! recent factor analytic investigation of physical filness was reported by Marsh 
(1992). Marsh incorporated modern advances in confirmatory factor analysis to test an a priori 
structural equation model of physical fitness from a 1985 survey based on twenty-five fitness 
measurements of nearly three thousand Australian boys and girls aged nine, twelve, and fiftecn 
years. Marsh hypothesized nine @ priori filness factors: cardiovascular endurance, explosivc 
strength. dvnamic streng'h, static strength, flexibility, blood pressure, lung function, body girth, 
and skinfolds. Cardiovascular endurance indicators were maximal oxygen uptake based on a 
subset cf the sample, 1.6k run lime, and physical work capacily (Kmg/ke x min) as measured 
on a Monark bicyele using 3 minute increments of increasing difficulty. [xplosive strength 
indicaiors were 50 meter dash and standing long jump. Dynamie strength included thirly second 
situps and number of pushups done al a cadence of 20;minule with 100 being the maximum. 
Static strer.th indicators were grip. shoulder push and pull. and les strength. Flexibility was 
measured by a sit and reach test. Lung function was delermined by one second forced 
expiratory volume and forced vilal eapacily. Bedy girth indicators were mid-arm, waist, and hip 
eirth. Skinfolds were tekea at five different anatomical sites: biceps, triceps, subscapular, 
suprailiac, and midabdomen. 

A confirmatory factor analysis of Marsh's data resulted in a good fit belween the measured 
data and :actor siructure when explosive and dynamic strength were combined into one factor. 
MA the ¢xeeption of physical work capacity and pushups, the variables highly loaded on the a 
prior structural model. Marsh further observed that the model was invariant across the three 
age groups and across gender. Thus, the structural mode: was useful in explaining filness for 
all greups 

Both Fleishman and Mersh provided solid Cvidence thet physical fitness is @ muitidimensional 
construck which cannot be assessed by a single indicafor. However, they disagreed on the 
application of their results. Fieishman belicved thal standard scores could be generated trem 
ihe factors in order to commerce ones fitness across age tevcis and ability. Marsh strongly argued 
against proviloy a composite score of physical fitness based on the factor strueure. According 
Lo Marsh, “considerable information im the specifie factors would be lost in the formation of @ 
simmle totd scare.” Te argued shal mulfiple sels of scores should Le collected over time for the 
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sane idividual such thal indications of achieving ones personal best could be determined rather 
Hat Comparing one’s lehal fitness score to the rest of tke population. 


vr ine present study, two models of fitness were tested. In dhe fir-t mode}, seven a prior 
tice five based on ACSY's guidelines and two additional faclors, were analyzed through both 
Jraiory and confirmatory methods in an «ltempt to define physical Tiimess. The second « 
priori model of physicel filness underwent confirniator ‘y lesting and ne only the five 
C pu ems of “hysical fitness taken from the ACSM. The components of fitness were assessed 
nrough He xs consisten. wilh ACSM definitions. Cardiorcspiralory endurance was defined as 
ihe ability to perform large muscle, dynamic, modera e-lo-high intensity cxereise for prolonged 
mubiods. Body compositior. referred to lear body tissue or percent body fat. Muscular strength 
was defined as uie maximal force thal could be generated by a specific muscle or muscle group. 
Vuscular endurance was ine abilily of a muscle group to exccute repealed contractions over a 
period of sufficient lime duration to cause muscular fatigue. Flexibility was the maximum ability 
to move a joint through a ranse of motion. The two final a priori factors were heart rale and 
blood pressure. 


METHOD 


The sampie consisted of 434 colleze undergraduates enrolled in Exercise and Health classes 
al the Universily of Toledo between 1991 and 1993. Participants ranged in age from 18 to 50 
with the mean age of 21.6 with a standard deviation of 4.9. fo hundred and thirty-five of the 
subjects were female. Subjects were measured over three consecutive class days on a varicly 
of variables believed to be ‘niportant predictors of physical fitness. A total of twenty- one 
variables was measured on all subjects. 
ae of body composition consisted of chest/tricep (CIT), abdomen (ABS), and {high 
(HE) fai, total body fal percertaue (PBF), and waist circumference (WAI). Skinfold measurements 
Wore nesta in hes as determined by a Slimguide skinfold caliper. For the variable 
CHT, males were measured al the right pectoral and females al tie right tricep. Muscular 
endurance indicators were the number of bent knee situps done in sixty seconds (SSU) using the 
alternating contralateral e:bow to knee style and the number of full range of motion standard 
pushups (males) or modified pushups (females) done in sixty seconds (SPU). Cardiorespiratory 
endurance measurements were one mile walk time (OM), one mile run time (OMR), and twelve 
minule ren distance (TMi) (ACSM. 1991). All estimators of cardiorespiralery endurance were 
completed on at indoor track with nine and @ quurler laps equalling a mile. The measurements 
af ah ‘anee were done on separate days with at least two days of rest belween measuren-cnts, 
Heo bility was assessed by @ standard sit’ and reach test (TRE) and was recorded in inches. 
asc.tar strength indicators were maximunt bench press (BP), maximum leg exiension (hhG), and 
nesimunt arm curl (BAC) BP and BAC were conipleted on universal weight machines and LEG 
Was Measured using only one tee on univers) or nautiis equipinent. Svstolie (SYS) and diastolic 
IDiAY blood pressure recdings expressed in mg served as measuremems cf blood pressure. 
merase ‘cart rate (Wink tivo irinule recovery hcart rete (TYR), and resting heart rate (RHR) 
served as indieators of heart rate Blood pressure readings and RAR were measnred following 
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nO less van forty: five nuiules of rest. CHR and TMR were scif-reported ler completing the 


iwelve inate van distance The final measured ane le was height (HG1) which was recorded 
eee 


Explerate:y raclor Analysis 

To arnive st the best solution, ar oblique rotation of the data was conducted. An orthogonal 
rovelicn ony converged when numbers on the principal diagonal were significantly altered from 
one. The oblique rolaion converged in twenty-eight iterations. Table | ‘ists the variables that 
loaded highly in the structure matrix and their correlation with that factor. Tive significant 
fuclors were extracted based on the Kaiser rute. 


Insert Table | 


Based on the variable loadings, factor | was identified as ‘strength and endurance’, factor 
2, ‘body composition’, factor 3, ‘heart rate’, factor 4, ‘blood pressure’, and factor 5, ‘flexibility’, 
strengin and Endurance accounted for 28.6% of the variance followed by body composition, 19.1%, 
cardia’ function, 8.54, flexibility, 5.6%, and blood pressure, 5.3%. Despite the extraction of five 
separale finess components, the factors were not orthogonal. Factors 2 and 5 and factors 4 and 
0 Were somewhal related, -.27 and .26, respectively. 


Conirmatory Factor Analysis 

To dctermine whether the specified a priori model better fit the dala than achieved 
through a posteori exploratory factor analysis, a confirmatory faclor analysis using LISREL 7 
software Was computed (Joreskog & Sorbo, 1988). The original a priori model specified 
cardiorespiratory endurance, muscular strength and endurance, body composition, blood pressure, 
heart rate, and flexibility as the Jatent variables. The variables that were hypothesized to load 
onto these factors are listed in Figure 

‘ie first a priori model provided a poor fit with the data, X-2 (1414): 898.44, p-.001. 
Construct validity, the clustering of observed variables around their latent constructs (MucHer, 
1993), was poor. Small factor loadings vere evserved when compared to their standard errors. 
However, Fe hability estimates, squared mullrie correatons of I 10 obs ae vatiables (Mueller, 
1993), were moderately high. Total coefficient ef determination equalled 999. Table Il gives the 
standard zed loadings in vambda X. Table Hl provides The reliability estimates of the seven factor 
ode. 


Insert Tables Te and dit here 
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ie fCeOnd a prior) model tested wes Leved on the ACSM’s culictnes. Cardiorespiratory 
cndiwenee, muscular strength and endurance, kody composition, and flexibility were hy pothesized 
pe ily ree crn “po! ienls of filness, For tals mode}, a poor goodness of fit incex was also found, 
Magn, Ms (pe O01 As with the previons mocel. construct validity was weak and rcliability 
eslies Were eee high. Total coc ficient of determination cqualled 999. Standardized 
factor seadings and reliabilily estimates were similar to the values expressed in Tables ll and Hl. 


aa 


DISCUSSION 


le results of the present investigation vicided {wo important general findings. The firel 
was {Lat iodern Lechniques in factor analysis and structural equalion modeling need to be 
incorpsiated irto exploratory research methods. Acceptance of structural models in all realn.s 
of science Is inadequate unless validity and reijabilily estimates of significance along with 
“foodies of fiu" tests are calculated. Making decisions solely on exploratory research techniques 
may lead to inaccurate and misleading inlervreiations. jn the present study. the exploratory 
analysis yielded similar oulcomes to other previous researeh in physical filness but these resuils 
wore not supported by the confirmatory testing. Exploratory factor analysis yielded five 
important elements of physical fitness that were laler rejected through confirmatorm. factor 
analysis. 

A sccond important finding was the confirmation of physical filness as a multidimensional 
construct. Clearly. and consistent with previous ‘iterature, physical fitness needs to be assessed 
by a variely of techniques thal measure the functional abilities of the individual. According to 
this study, those functional abililics may relate to ones muscular strengtn and endurance, 
cardiorespiralory endurance, body composition. flexibility. cardiac functioning, and blood 
pressure. llowever, according to this study, using solely these critei-« for assessing fitness is 
eee sate. Attempts at accepting these cor.ponents into a model of physical fitness failed. 
Thus, for a college el ion, the definition of health-related physical fitness may be moderately 
differen than ‘proposed by the ACSM and ASHPERD organizations. This study used) thar 
recommendations of physical fitness components and indicators to arrive al solutions thet did 
nol support their definition. 

This study is inconsistent with allempls to define separate components of physical filness 
in order lo compute a lolal fitness score. a czrcemert with Marsh (1992), a lolal score would 
be inaccurate nol only because arbitrary weights would be agsizned and critical information 
word be lost. bul atso because the components are not orthogonal. Repeated allempts to arrive 
af a model that identified separate components of fiiness fried) The exploratory analysis 
‘hie ed that factors cardiorespiratory endiy anc. and muscular strength and endurance vere 
highly reited. Similarly, blood) pressure ard bots composition were somewhat related. 
Therefore, without taking to account the relure af the pr caliengt os bevieen tre Tractors avid 
oven fc confirmatory analysis found an admissible scluticn. a filmess score based on separale 


§ BEST COPY AVAILABLE 


o.. 
ERIC 


Piston. .chness § 


components would be Inadequale even with assigned weights. 

4 could be argued that the removal of variables from the model wil; low reliability scores 
and poor factcr loadings would iead to an admissable si lution. However, in this case, it would 
md fo ower than three variables loading onto a factor and weaken the construct validity of the 
meade] fMareh, 1992). Since @ liniled number of variables were used Lo estimate their underlying 
construct, The removal of variables from the model wes not conducted. Repeated attempts to 
defi an acceplable mode! while maintaining construct validity failed. The results of the 
conlmatory  nalvysis indicate that for this data and this sample. an acceptable model of physical 
fitness imay not exist. 

raGerh discrepant with Marsh's findings, clear and distinct categories of physical fi'ness 
could not be derived from this sample. Marsh derived eight lalent factors that validly comprised 
plivsical filmess but his discussion on the reliability of the indicators was limited. When an a 
priorl trode! similar to Marsh was analyzed, reliability scores were moderately high but validity 
eslimaics were weak, Similar results were also observed for the ACSM model of physical filness. 

Where this study differs from the Marsh study was in the lesis of gendcr and age groups. 
This study did not allempt to create models of filness for each age group or gender. Perhaps 
if the mode! Lesting considered these variables, could an acceptable model of fitness be found. 
An accc:tabie model may also have been found if variables that included lung function, dynamic 
and exictil flexibility, motor abiily. and differing strength measurements were incorporated into 
the study. A factor cannot be derived thal was nol measured. This study largely relied upon 
recommendations by the ASHPERD and ACSM organizations which did not include these variables. 


When measuring health related physical filness, physical educators should not treat its 
components as separale elements bul rather, as a multidimensional construct thal contains 
highly dependent elements. Most noteworthy was a high dependence of endurance, strength, and 
body composition measurements and a positive relationship between the factor body composition 
and girth and the factor blood pressure (r=.59). Atlempts al scpaiating the three factors to 
define fitness levels are extremely cautioned. 

This information can be useful in assessing physical filness of collegiate subjects and can 
assist physical educators in utilizing appropriate balleries and tests of filness. However, until 
{he relationships belween the components are incorporated into an equation that specifies cach 
filness indicator and until further derivation studies cf fiuiess are eenducted thal investigate 
differences in age, gender. race, cle. repeaicd performance comparisons within an individual 
may be the most importént marker of physical fitness (Marsh, 1992), 


BEST COPY AVAILABLE 


ide) 


Q- 
ERIC 


Pe Tess 


REPERENCES 


Americati Alliance for Health, Physica! Education, Recreation, ard Dance (1984). Technical manual: 
icailh related physical fitness. Reston, VA:AAHPERD 

uerican College of Sports Medicine (1990). Guidelines for exercise lesting and prescription (4th 
ed). Philadelphia. Lea and Febiger 

Raurmgc'tncy, TA. « dackson, AS. (1987). Measurement for evaluation in physical education and 
exercise science. {3rd edition). Dubuque, IA: William C. Brown 

Casperson, Cl., Powell, K.E. & Christenson, G.M. (1985). Physical activity, exercise, and physical 
iiiness: Definitions and distinctions for health relaled research. Public Health 
reports, 100,126-131 

Fleishrian, !"', (1964). The structure and measurement of physical filness, Englewood Cliffs. NJ: 
Prentice-Hall 

Joreskog. FG. & Sorbom, D.(1988). LISREL 7: Aguide to the program and applications. Chicago: 
SPAS IEG 

Marsh, Herbert W. (1992). The multidimesgional structure of physical filness: Inva:‘ance over 
gender and age. U.S. Department of Education Manuscript, Washington, DC 

Mucile . kalph 0.(1993). Causal Modeling, Unpublished manuscript. 

Pate, R.R. (1988). The evolving definition of physical fitness. Quest, 40, 174-179 

Pierce. Edgar FY. (1992). Vitness profiles and activity patlerns of entering college students. 
Journal of American College Health. 41, 09-62 

Safril, Md. (1981). Evaluation in Physical Education. Englewood Cliffs, NJ: Prentice Hall 


BEST COPY AVAILABLE 


10 


O_ 
ERIC 


Physical Filnes: 10 
Table | 


Spnitieant loadinzs of cach variable on the factors in the 
exploratory structure matrix 


Factor 4 laclor 2 Vactor 3 Factor 4 ractor ) 


Tit:,.8388)  PBF(.630) — TMR(.886) “TRF(736) SYS(.882) 
SSU(772)  THI(514) —- EHR(.845) —- HGT(-.560) —-DIA(.657) 
OMR(~.761)  ABS(.854) — RHR(.469) 

SPUC727) —— WAI(.802) 

PRF(.713) = CHIC.691) 

BP(.715) 

BAC(.685) 
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Sande deed maximum Hkelihcod estimates of he freed parameters of the seven factor model 


Caedio Muse. Mus. Body ear Pood 
bid. bnd. = Str. Comp. Kale Hex. Press. 


Variables 


oo ————L 


Ta 
QMR 
OMY 


B76 
RD] 
24 


263 
106 
74) 
919 


168 
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Table Hl 


hehabilily estimates of cach variable in measuring their underlying construct in the seven 
facher - og tel 


Relaln sy Reliabili'y 
Varialve Coefficient Variabl: Cocfficient 
TAD 182 OMR 763 
OMW 084 SSb wan 
SP 685 BP (67 
bAC (() LEG 42 
PBE 71] CHT 748 
ABS 010 Wal 218 
TH 1% THR 734 
RHR 22] TMR wal 
SYS 702 IIA O54 
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